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APOLLO 9 POSTJETTISON SEPARATION MANEUVER 

FOR THE APS BURN TO DEPLETION 

By Michael E .  Donahoo 

1 . 0  SUMMARY AND INTRODUCTION 

The purpose of t h i s  i n t e r n a l  no te  i s  t o  present  t h e  p r e f l i g h t  
a n a l y s i s  t h a t  w a s  conducted and t o  document t h e  recommendations made 
concerning t h e  CSM sepa ra t ion  burn performed subsequent t o  j e t t i s o n  of 
t h e  LM ascent  s t a g e  and p r i o r  t o  t h e  APS burn t o  dep le t ion .  
mended procedures were implemented i n t o  t h e  nominal sequence of events  
for t h e  Apollo 9 mission.  

The recom- 

For t h e  Apollo 9 mission,  nominal j e t t i s o n  of t h e  LM ascent  s t a g e  
h m s  occurred a t  101  30 00 

30 minutes p r i o r  t o  t h e  ascent  propuls ion system (APS) burn t o  dep le t ion  
i g n i t i o n .  P r i o r  t o  j e t t i s o n ,  the  command and se rv ice  modules (CSM) 
o r i en ted  t h e  ascent  s t a g e  t o  i t s  i n e r t i a l  burn a t t i t u d e ;  t h e  ascent  s t a g e  
remained i n  i n e r t i a l  hold through i g n i t i o n .  The CSM then separated by 
f i r i n g  t h e  tunne l  severance pyrotechnics which imparted a r e l a t i v e  separ- 
a t i o n  v e l o c i t y  wi th  a poss ib l e  range from 0.4 f p s  t o  1 . 5  f p s  which placed 
t h e  CSM t o  t h e  no r th  and below t h e  ascent  s t age .  The CSM crew then  ma- 
neuvered t h e  spacecraf t  t o  a s ta t ionkeeping p o s i t i o n  down range of t h e  

ascent  s t a g e  and performed formation f l y i n g  u n t i l  101 38 1 4  g . e . t .  a t  
which t i m e  a 3.0-fps p o s t j e t t i s o n  sepa ra t ion  maneuver moved t h e  CSM f i r s t  
above and then  behind t h e  ascent s t age .  A t  APS i g n i t i o n ,  t h e  CSM w a s  
pos i t ioned  approximately 4425 f e e t  behind and 3975 f e e t  above t h e  ascent  
s t a g e .  
i n  t h e  s ta t ionkeeping  r e l a t i v e  v e l o c i t i e s  and s t i l l  insured  a s a f e  
p o s i t i o n  a t  APS i g n i t i o n .  

ground elapsed t ime ( g . e . t  . )  , approximately 

h m s  

The CSM 3.0-fps separat ion burn allowed up t o  2.0-fps u n c e r t a i n t y  

h m s  A t  101  59 00 g . e . t . ,  t h e  AF'S engine w a s  t o  i g n i t e  and burn u n t i l  
f u e l  deple t ion .  Local a t t i t u d e s  of t h e  a scen t  s t a g e  a t  i g n i t i o n  were 
planned t o  be 47.4' i n  yaw t o  the  no r th  and 1 5 . 3 O  p i tched  down below 
t h e  l o c a l  ho r i zon ta l .  The a t t i t u d e  insured  t h a t  t h e  ascent  s t age  w a s  
increas ing  t h e  sepa ra t ion  d is tance  between it and t h e  CSM at  a l l  t imes ;  
t h e r e f o r e ,  no recontac t  p o s s i b i l i t i e s  e x i s t e d .  



2 

2 .0  ANALYSIS 

Changes i n  p o s t j e t t i s o n  sepa ra t ion  maneuver c o n s t r a i n t s  and require-  

These procedures v a r i e d  
ments r e s u l t e d  i n  t h e  development of a number of candidate  procedures 
by which t h e  separat ion burn could be performed. 
from stat ionkeeping p o s i t i o n s  of t h e  CSM both i n  f r o n t  and behind t h e  
ascent  s t a g e  t o  procedures t h a t  used no s ta t ionkeeping.  Each procedure c 

w i l l  be presented i n  t h e  following d i scuss ion  along with t h e  c o n s t r a i n t s  
and r e l a t i v e  motion f o r  each. 

, 

2.1 CSM Stat ionkeeping P o s i t i o n  Behind t h e  Ascent Stage 

The i n i t i a l  approach toward cons t ruc t ion  of a p o s t j e t t i s o n  separa- 
t i o n  maneuver w a s  concerned with maneuvers t h a t  would p l a c e  t h e  CSM i n  
a p o s i t i o n  behind t h e  ascent  s t a g e  f o r  reasons of photography and obser- 

v a t i o n  [ f i g s .  l ( a )  through l(f)]. Ejec t ion  w a s  t o  occur a t  1 0 1  4?OOs 
g . e . t .  (approximately 12.0 min p r i o r  t o  APS i g n i t i o n ) .  The CSM would 
be i n  a pos i t i on  1500 f e e t  behind and 940 feet  above t h e  a scen t  s t a g e  
a t  APS i g n i t i o n  [ f i g .  l ( d ) ]  i f  t h e  3.0-fps burn w a s  performed by use of 
t h e  four  SM RCS -X j e t s  at an a t t i t u d e  of 45' no r th  i n  yaw and p i t c h  
down 60" below t h e  l o c a l  ho r i zon ta l .  

h 

With t h e  a d d i t i o n a l  c o n s t r a i n t  t h a t  t h e  recommended sepa ra t ion  pro- 
cedure be good f o r  contingencies i n  which t h e  APS burn w a s  delayed u n t i l  
a la ter  t i m e ,  t h e  above method became unacceptable because of r e c o n t a c t .  
The 3.0-fps maneuver w a s  performed i n  an a t t i t u d e  such t h a t  a component 
of t h e  AV was i n  t h e  r e t rog rade  d i r e c t i o n .  The r e s u l t a n t  motion caused 
t h e  CSM eventual ly  t o  move below and ahead of t h e  ascent  s t a g e  because 
t h e  retrograde AV placed t h e  CSM i n  a lower o r b i t  with a decreased 
o r b i t a l  period. 

2 .2  No Stationkeeping Procedure 

Analyses were a l s o  conducted t o  determine what t y p e  procedure would 
be necessary t o  e l imina te  t h e  s ta t ionkeeping e x e r c i s e  involved i n  t h e  
previous sequence and, at t h e  same t i m e ,  i n s u r e  t h a t  t h e  CSM be i n  a 
favorable  pos i t i on  re la t ive  t o  t h e  a scen t  s t a g e  f o r  delayed APS i g n i t i o n  
contingencies.  
grade d i r ec t ion  t o  i n s u r e  t h a t  t h e  CSM moves behind t h e  a scen t  s t a g e  and 
remains the re .  
considered when determining which AV t o  u s e  i n  t h e  sepa ra t ion  burn.  
Ind ica t ions  were t h a t  t h e  j e t t i s o n  AV could vary i n  range from 0.4 f p s  
t o  1.50 f p s .  Simulations were conducted by t h e  use  of t h e  j e t t i s o n  AV 

F i r s t ,  t h e  RCS sepa ra t ion  must be  performed i n  a posi-  

Second, t h e  undocking AV produced by j e t t i s o n  must be 
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v a r i a t i o n s ,  and a range of separa t ion  A V ' s  were performed a t  a l o c a l  
a t t i t u d e  of 45' yaw t o  t h e  south and p i t c h  up 120' from t h e  l o c a l  
h o r i z o n t a l .  The fou r  +X SM RCS t h r u s t e r s  were f i r e d  t o  produce t h e  
sepa ra t ion  AV and t o  p lace  t h e  CSM above and behind t h e  ascent  s t a g e  
a t  APS i g n i t i o n  ( f i g .  2 ) .  

The r e l a t i v e  motion ( f i g .  3 )  i n d i c a t e s  t h a t  t h e  low j e t t i s o n  A V ' s  
p r e sen t  t h e  g r e a t e s t  problems with t h i s  type  maneuver because less 
sepa ra t ion  d i s t ance  i s  produced during t h e  t ime from j e t t i s o n  t o  t h e  
sepa ra t ion  burn. The in-plane sepa ra t ion  range components are small; 
however, t h e  out-of-plane component of s epa ra t ion  precludes r econ tac t .  

2.3 Stationkeeping i n  Front 

The f i n a l  approach t o  t h e  problem w a s  t o  analyze sepa ra t ion  maneuvers 

The maneuver would el iminate  t h e  e f f e c t s  of t h e  j e t t i s o n  AV on t h e  
performed from a s ta t ionkeeping p o s i t i o n  i n  f r o n t  of t h e  LM ( f i g s .  4 and 
5 ) .  
sepa ra t ion  burn (as d id  t h e  s ta t ionkeeping behind) and would allow t h e  
crew t o  perform a posigrade burn away from t h e  ascent  s t age .  Re la t ive  
motion p l o t s  [ f i g s .  6 and 7 ,  8(a)  and 8 ( b ) l  i n d i c a t e  t h a t  t h e  CSM would 
be  i n  a p o s i t i o n  behind and above t h e  ascent  s t a g e  a t  nominal APS ign i -  
t i o n  and would remain behind for  cont ingencies  i n  which t h e  APS i g n i t i o n  
w a s  delayed. 
t h e  v e l o c i t y  vec to r .  
yaw t o  t h e  no r th ,  and i n  f igu re  7 ,  t h e  maneuver w a s  performed wi th  180' 
of yaw. 

I n  f i g u r e s  6 and 7 ,  t h e  CSM w a s  p i tched  down 60' below 
I n  f igu re  6 t h e  maneuver w a s  performed wi th  135' 

Addi t iona l  d a t a  were generated t o  determine t h e  e f f e c t  on t h e  r e l a -  
t i v e  motion of performance of t he  sepa ra t ion  burn at an a t t i t u d e  of 135' 
yaw t o  t h e  south and p i tched  down 30' from t h e  l o c a l  ho r i zon ta l .  The 
c ros s  range and t h e  r a d i a l  range motion are presented  i n  f i g u r e s  8 (a )  
and 8 ( b ) ,  r e spec t ive ly ,  as a funct ion of t h e  down-range pos i t i on .  
t o t a l  s epa ra t ion  range between t h e  CSM and t h e  ascent  s t a g e  i s  presented 
i n  f i g u r e  9 as a func t ion  of elapsed t ime from separa t ion .  
s t a t e  of t h e  LM allowed t h e  f igu re  t o  be used t o  ob ta in  a s p e c i f i e d  
sepa ra t ion  d i s t ance  a t  APS i g n i t i o n  by s e l e c t i o n  of an elapsed t ime 
from RCS i g n i t i o n  t h a t  obtained t h e  des i r ed  d i s t ance .  

The 

The pass ive  

3 . 0  CONCLUSIONS 

Each of t h e  previously discussed techniques f o r  s epa ra t ion  of t h e  
CSM from t h e  ascent  s t a g e  subsequent t o  j e t t i s o n  and p r i o r  t o  t h e  APS 
burn t o  deple t ion  w a s  adequate from t h e  s tandpoin t  of r econ tac t .  The 
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f i r s t  technique, s ta t ionkeeping behind, had t h e  advantage t h a t  it w a s  
r e l a t i v e l y  easy t o  a t t a i n  t h e  p o s i t i o n  because a t  j e t t i s o n  placed t h e  
CSM behind t h e  ascent  s t a g e .  
a b i l i t y  t o  con t ro l  t h e  d i s t a n c e  behind t h e  a scen t  s t a g e  with s m a l l  A V ' s  
i n i t i a t e d  close t o  APS i g n i t i o n .  The major disadvantage w a s  t h a t  even- 
t u a l l y  t h e  spacecraf t  would move i n  f r o n t  of  t h e  ascent  s t a g e  i f  t h e  
APS burn w a s  delayed. 

Another important advantage w a s  t h e  crew's 

The second technique,  which involved a posigrade sepa ra t ion  burn 
after t h e  j e t t i s o n  without s ta t ionkeeping,  had t h e  advantage t h a t  it 
el iminated concern about r e l a t i v e  range rates which might be generated 
during s ta t ionkeeping;  however, t h e  AV produced by t h e  j e t t i s o n  pyro- 
t e c h n i c s  must be  considered t o  determine t h e  AV f o r  t h e  sepa ra t ion  burn. 
The AV produced by t h e  pyrotechnic sepa ra t ion  r e s u l t s  i n  a s i g n i f i c a n t  
u n c e r t a i n t y  i n  s epa ra t ion  d i s t a n c e  a t  APS i g n i t i o n  and when consider ing 
sepa ra t ion ,  dis tance i s  important.  The in-plane sepa ra t ion  m i s s  d i s -  
t ances  a t  c l o s e s t  approach were i n  some ins t ances  as low as 100 f e e t ,  
but  t h e  out-of-plane component w a s  l a r g e  enough t o  preclude r econ tac t .  

The f i n a l  procedure involved i n i t i a t i o n  of t h e  p o s t j e t t i s o n  separa- 
t i o n  burn from a s ta t ionkeeping p o s i t i o n  down range of t h e  ascent  s t a g e .  
The crew had t o  f l y  t h e  spacec ra f t  around t h e  ascent  s t a g e  t o  t h e  s t a t i o n -  
keeping p o s i t i o n  because of t h e i r  p o s i t i o n  r e l a t i v e  t o  t h e  ascent  s t a g e .  
a t  j e t t i s o n .  
s epa ra t ion  dis tance m d  placed t h e  CSM behind t h e  a scen t  s t a g e  a t  ApS 
i g n i t i o n  and allowed it t o  s t a y  behind f o r  cont ingencies  i n  which t h e  
A?S i g n i t i o n  t ime w a s  delayed. Once again,  t h e  u n c e r t a i n t i e s  involved 
i n  s ta t ionkeeping r e l a t i v e  range r a t e s  must be considered. These range 
rates have been assigned a va lue  of 21.0 f p s  f o r  t h i s  a n a l y s i s .  

A posigrade sepa ra t ion  burn con t inua l ly  increased t h e  

4.0 RECOMMENDATIONS 

b I n  considerat ion of t h e  previous d i scuss ion  and t h e  preference of 
t h e  Apollo 9 crew, t h e  procedure t h a t  involved t h e  p o s t j e t t i s o n  sepa ra t ion  
burn appl ied from a s ta t ionkeeping p o s i t i o n  i n  f r o n t  of t h e  ascent  s t a g e  
w a s  recommended ( f i g .  5 ) .  
3.0-fps burn, t h e  CSM should have been at an a t t i t u d e  of yawed south 
135' and pi tched down 60° from t h e  v e l o c i t y  vec to r .  
responds t o  t h e  spacec ra f t  gimbal angles  of I G A  = 120.452O, MIA = 28.793', 
and OGA = 68.289O. 

A t  i n i t i a t i o n  of  t h e  f o u r - j e t  -X CSM RCS 

This  a t t i t u d e  cor- 

The 3.0-fps AV produced adequate sepa ra t ion  d i s t a n c e  between t h e  
CSM and ascent s t a g e  a t  APS i g n i t i o n  even f o r  s ta t ionkeeping u n c e r t a i n t i e s  
of 1 . 0  f p s  i n  a d i r e c t i o n  opposi te  t h e  sepa ra t ion  burn.  However, no te  
t h a t  t h e  r e l a t i v e  motion presented i n  t h i s  a n a l y s i s  f o r  t h e  recommended 
procedure was a r e s u l t  of t h e  sepa ra t ion  burn being performed with no 
r e l a t i v e  range ra tes  at a p o s i t i o n  100 feet  i n  f r o n t  of t h e  ascent  s t a g e  
and a t  t h e  same a l t i t u d e  as t h e  descent s t a g e .  
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Figure 1.- Motion of the C S M  relative to the LM ascent stage for CSM RCS 
separation burns at varying times prior to APS burn to depletion ignition. 
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Figure 1.- Continued. 
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Figure 1.- Continued. 
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Figure 1.- Continued. 
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Down range, ft 

(f) 17 minutes prior to APS ignition. 

Figure 1 .- Concluded. 
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Figure 8 .- Separation distance of the CSM relat ive to the LM ascent stage 
for various separation AV'S. 
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